Mechanical strain increases gene transfer to skeletal muscle cells.
Gene transfer techniques possess tremendous potential for treating diseases and for facilitating the study of basic physiological processes. However, further development of efficient and safe methods for gene transfer is needed. The purpose of this study was to test the hypothesis that mechanical strain increases the transfer of DNA to differentiated skeletal muscle cells. We tested this hypothesis by applying cyclic strain to cultured skeletal myotubes either prior to or immediately after the introduction of exogenous DNA complexed with lipids, with strains of varying magnitude (10%, 20% and 30%), number (1800, 3600 and 7200 strain cycles) and frequency (0.5, 1.0 and 1.5 Hz). Results demonstrated that DNA transfection was increased by exposing muscle cells to cyclic strain, and that strain magnitude, number and frequency each influenced DNA transfection. Optimal strain conditions (20% strain magnitude, 3600 cycles applied at 1 Hz) were utilized to examine the role of membrane transport systems in strain-induced increases in DNA transfection. Filipin III was used to inhibit caveolar transport and was found to inhibit strain-mediated increases in DNA transfection, whereas chlorpromazine, used to inhibit clathrin-coated vesicle transport, had no effect. These results indicate that mechanical strain may be an effective method for increasing DNA transfection in skeletal muscle through enhanced caveolar transport.